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(57) ABSTRACT

A method and system for determining intestinal dysfunction
condition are provided by classifying and analyzing image
frames captured in-vivo. The method and system also relate to
the detection of contractile activity in intestinal tracts, to
automatic detection of video image frames taken in the gas-
trointestinal tract including contractile activity, and more par-
ticularly to measurement and analysis of contractile activity
of'the GI tract based on image intensity of in vivo image data.

850 845 847 841 848

i / 540 / /

> x \ DEVICE 5
OPTICAL —vj_7# o
SYSTEM L PROCESSOR

IMAGER ‘
ILLUMINATION
SOURCE — POWER SENSOR
842 845 843
812
RECENER

=

- / 514

DATA
PROCESSOR

|
! 818

r MONITOR 1

\ 819
STORAGE
UNIT
WORKSTATION

\899



Patent Application Publication  Aug. 13, 2009 Sheet 1 of 6 US 2009/0202117 A1

850 546 847 540 547 848
( [ [ 7 [
> 5 \DE\/:CE 3
OPTICAL / X
SYSTEM L PROCESSOR
IMAGER | / \
ILLUMINATION
SOURCE POWER SENSOR
842 845 843
812
RECEIVER
/574 819
DATA STORACE
PROCESSOR . UNIT
| 818
MONITOR |
WORKSTATION
590

FIG.1



o
i
.

\_

_/

(4




US 2009/0202117 A1

Aug. 13,2009 Sheet 3 of 6

Patent Application Publication

} DI
60t 20k 10 Z-
o cOb 05
0.
\_zsp L0b
90t b0
SO 7
156
oov\ﬂ
c .m_ J woom
@Nm mmm dommmem @Nm«mmm @Nmammm dmmmﬂmmm @memmm @wammm @memmm «@memmm
momL womL BmL oomL momL vomL momL NomL SmL




Patent Application Publication  Aug. 13, 2009 Sheet 4 of 6 US 2009/0202117 A1

o Acquire a set of in-vivo images
510 L

e Calculate image intensity values
520

,

T Calculate average image intensity |

530 L

Calculate normalised image
% intensity values

540 ¢

~— Analyse changes in image intensity

545 ¢
Determine contractile activity
55( information

Fig. 5



US 2009/0202117 A1

Sheet 5 of 6

Aug. 13,2009

Patent Application Publication

9 b4
059
soAnebap
4 4 3 |
1010919 | [Jopaeg!  [Jope1Rqg | | /sabewr
SANISO Jalyisse «— I3 |
SOARISOd HSSED 1 suun lem || pigany W1 onneug
519/ 4 p19-/ €19/ 719/ 119/ f/.
0b9 0£9
[Sdf5e [df /€d/ /1d/
worshs-ang O €79 229 129
009—/



Patent Application Publication  Aug. 13, 2009 Sheet 6 of 6 US 2009/0202117 A1

Receive a stream of image frames
- from an in-vivo device

510 ¢

measure a property of a frame to
S determine frame classification

520 L

Analyse properties to determine

530/_ intestinal dysfunction condition

Fig. 7



US 2009/0202117 Al

DEVICE, SYSTEM AND METHOD FOR
MEASUREMENT AND ANALYSIS OF
CONTRACTILE ACTIVITY

FIELD OF THE INVENTION

[0001] The present invention relates to the field of in-vivo
sensing, and more particularly to the field of in-vivo imaging.

BACKGROUND OF THE INVENTION

[0002] Peristalsis within a gastro-intestinal (GI) tract may
transport swallowed food and may aid in digestion and even-
tual evacuation. Peristalsis may result in pressure waves or
contractions moving along the GI tract, thereby resulting in
motility of a bolus or other object within the GI tract.

[0003] Certain pathological conditions may alter the nor-
mal motility within the GI tract. Low motility may be caused
by, for example, an obstruction, a blockage, or other patho-
logical condition. Motility disorders may be caused by, for
example, nervous disorders, and may not necessarily be vis-
ible.

[0004] Some in-vivo sensing systems may include an in-
vivo imaging device able to acquire and transmit images of,
for example, the GI tract while the in-vivo imaging device
passes through the GI lumen.

[0005] Other devices, systems and methods for in-vivo
sensing of passages or cavities within a body, and for sensing
and gathering information (e.g., image information, pH infor-
mation, temperature information, electrical impedance infor-
mation, pressure information, etc.), are known in the art.

SUMMARY OF THE INVENTION

[0006] Some embodiments of the invention may include,
for example, devices, systems, and methods for measurement
and analysis of contractions and/or contractile activity of the
Gl tract.

[0007] Some embodiments may include, for example, a
system having a processor to detect, determine, measure,
calculate and/or analyze contractions and/or contractile activ-
ity within a body lumen based on analysis of data received
from an in-vivo device.

[0008] Some embodiments may include, for example, a
system having a processor to automatically diagnose intesti-
nal dysfunctions, such as intestinal dysmotility, based on
measurement and analysis of contractions and/or contractile
activity within the GI tract by analysis of data received from
an in-vivo device.

[0009] Some embodiments may include, for example,
determining contractions and/or contractile activity based on
brightness, darkness and/or image intensity of multiple in-
vivo images. For example, in some embodiments, a gradual
increase and decrease in image intensity across a series of
nine consecutive in-vivo images may be use to determine a
contraction.

[0010] Some embodiments may include, for example,
determining contractions and/or contractile activity based on
identification of phasic contractions, which may be detected
as luminal occlusion and characterized by wall texture analy-
sis.

[0011] Some embodiments may include, for example,
determining non-contractile patterns which may be detected
by LaPlacean filtering, and may be identified as wall or tunnel
appearance.
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[0012] In some embodiments, values related to following
features may be used in the diagnosis of intestinal motility
dysfunctions: static frames, turbid frames, tunnel frames and/
or wrinkle pattern level presence.

[0013] In some embodiments, an in-vivo device may
include, for example, an in-vivo imaging device, an in-vivo
sensing device, an autonomous in-vivo device, and/or a swal-
lowable capsule.

[0014] Embodiments of the invention may provide various
other benefits or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The subject matter regarded as the invention is par-
ticularly pointed out and distinctly claimed in the concluding
portion of the specification. The invention, however, both as
to organization and method of operation, together with con-
tainers, features, and advantages thereof, may best be under-
stood by reference to the following detailed description when
read with the accompanying drawings in which:

[0016] FIG. 1 is a schematic block diagram of an in-vivo
sensing system in accordance with some embodiments of the
invention;

[0017] FIG. 2 is a schematic illustration of two demonstra-
tive in-vivo images in accordance with some embodiments of
the invention;

[0018] FIG. 3 is a schematic illustration of a set of demon-
strative in-vivo images in accordance with some embodi-
ments of the invention;

[0019] FIG. 4 is a schematic illustration of a graph of in-
vivo image intensity in accordance with some embodiments
of the invention;

[0020] FIG. 5 is a flow-chart of a method of measurement
and analysis of contractile activity in accordance with some
embodiments of the invention;

[0021] FIG. 6 is a schematic illustration of a sub-system for
intestinal contractile activity assessment in accordance with
some embodiments of the invention; and

[0022] FIG. 7 is a flowchart of a method of determining
intestinal dysfunction condition in accordance with some
embodiments of the invention.

[0023] It will be appreciated that for simplicity and clarity
of illustration, elements shown in the figures have not neces-
sarily been drawn to scale. For example, the dimensions of
some of the elements may be exaggerated relative to other
elements for clarity. Further, where considered appropriate,
reference numerals may be repeated among the figures to
indicate corresponding or analogous elements.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Inthe following detailed description, numerous spe-
cific details are set forth hi order to provide a thorough under-
standing of the invention. However, it will be understood by
those skilled in the art that the present invention may be
practiced without these specific details. In other instances,
well-known methods, procedures, components and circuits
have not been described in detail so as not to obscure the
present invention.

[0025] Although a portion of the discussion may relate to
in-vivo imaging devices, systems, and methods, the present
invention is not limited in this regard, and embodiments of the
present invention may be used in conjunction with various
other in-vivo sensing devices, systems, and methods. For
example, some embodiments of the invention may be used,
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for example, in conjunction with in-vivo sensing of pH, in-
vivo sensing of temperature, in-vivo sensing of pressure, in-
vivo sensing of electrical impedance, in-vivo detection of a
substance or a material, in-vivo detection of a medical con-
dition or a pathology, in-vivo acquisition or analysis of data,
and/or various other in-vivo sensing devices, systems, and
methods.

[0026] Some embodiments of the present invention are
directed to a typically one time use or partially single use
detection and/or analysis device. Some embodiments are
directed to a typically swallowable in-vivo device that may
passively or actively progress through a body lumen, e.g., the
gastro-intestinal (GI) tract, for example, pushed along by
natural peristalsis. Some embodiments are directed to in-vivo
sensing devices that may be passed through other body
lumens, for example, through blood vessels, the reproductive
tract, urinary tract, or the like. The in-vivo device may be, for
example, a sensing device, an imaging device, a diagnostic
device, a detection device, an analysis device, a therapeutic
device, or a combination thereof. In some embodiments, the
in-vivo device may include an image sensor or an imager.
Other sensors may be included, for example, a pH sensor, a
temperature sensor, a pressure sensor, sensors of other in-vivo
parameters, sensors of various in-vivo substances or com-
pounds, or the like.

[0027] Devices, systems and methods according to some
embodiments of the present invention, including for example
in-vivo sensing devices, receiving systems and/or display
systems, may be similar to embodiments described in U.S.
Pat. No. 5,604,531 to Iddan et al., entitled “In-vivo Video
Camera System”, and/or in U.S. Pat. No. 7,009,634, entitled
“Device for In-Vivo Imaging”, issued on Mar. 7, 2006, and/or
in U.S. patent application Ser. No. 10/046,541, entitled “Sys-
tem and Method for Wide Field Imaging of Body Lumens”,
filed on Jan. 16, 2002, published on Aug. 15, 2002 as United
States Patent Application Publication Number 2002/
0109774, and/or in U.S. patent application Ser. No. 10/046,
540, entitled “System and Method for Determining In-vivo
Body Lumen Conditions”, filed on Jan. 16, 2002, published
on Aug. 15, 2002 as United States Patent Application Publi-
cation Number 2002/0111544, and/or in U.S. patent applica-
tion Ser. No. 11/226,350, entitled “System and Method for
Presentation of Data Streams”, filed on Sep. 15, 2005, and/or
PCT Patent Application Number PCT/IL2007/000322,
entitled “Device, System and Method for Automatic Detec-
tion of Contractile Activity in an Image Frame”, filed on Mar.
13, 2007, and/or PCT Patent Application Number PCT/
1L.2007/000323, entitled “Cascade Analysis for Intestinal
contraction Detection”, filed on Mar. 13, 2007, all of which
are hereby incorporated by reference in their entirety. Devices
and systems as described herein may have other configura-
tions and/or sets of components. For example, an external
receiver/recorder unit, a processor and a monitor, e.g., in a
workstation, such as those described in one or more of the
above publications, may be suitable for use with some
embodiments of the present invention. Some embodiments of
the present invention, for example, may be practiced using an
endoscope, a needle, a stent, a catheter, or other suitable
devices. Some in-vivo devices may be capsule shaped, or may
have other shapes, for example, a peanut shape or tubular,
spherical, conical, or other suitable shapes.

[0028] Some embodiments of the present invention may
include, for example, a typically swallowable in-vivo device.
In other embodiments, an in-vivo device need not be swal-
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lowable and/or autonomous, and may have other shapes or
configurations. Some embodiments may be used in various
body lumens, for example, the GI tract, blood vessels, the
urinary tract, the reproductive tract, or the like. In some
embodiments, the in-vivo device may optionally include a
sensor, an imager, and/or other suitable components.

[0029] Embodiments of the in-vivo device are typically
autonomous and are typically self-contained. For example,
the in-vivo device may be or may include a capsule or other
unit where all the components are substantially contained
within a container, housing or shell, and where the in-vivo
device does not require any wires or cables to, for example,
receive power or transmit information. The in-vivo device
may communicate with an external receiving and display
system to provide display of data, control, or other functions.
For example, power may be provided by an internal battery or
an internal power source, or using a wired or wireless power-
receiving system. Other embodiments may have other con-
figurations and capabilities. For example, components may
be distributed over multiple sites or units; and control infor-
mation or other information may be received from an external
source.

[0030] Although embodiments of the invention are not lim-
ited in this regard, the term “contractile activity” as used
herein may relate to or may include, for example, movement
or contractions of a body lumen (e.g., the GI tract), closing
and/or opening of a body lumen (e.g., rapid closing and/or
opening of a body lumen), narrowing and/or widening of a
body lumen (e.g., rapid narrowing and/or widening of a body
lumen), existence or presence of contractions at a certain time
and/or location, intestinal motility, intestinal contractions, or
the like.

[0031] FIG. 1 schematically illustrates an in-vivo sensing
system in accordance with an embodiment of the present
invention. In some embodiments, the system may include, for
example, an in-vivo device 840 having an imager 846, an
illumination source 842, a power source 845, and a transmit-
ter 841. In some embodiments, device 840 may be imple-
mented using a swallowable capsule, but other sorts of
devices or suitable implementations may be used. Outside a
patient’s body may be, for example, an image receiver 812
(including or operatively connected to, for example, an
antenna, an antenna belt, or an antenna array), a storage unit
819, a data processor 814, and a monitor 818. In one embodi-
ment, for example, the storage unit 819, the data processor
814, and/or the monitor 818 may optionally be implemented
as a workstation 899 which may include, for example, a
multi-purpose or dedicated computer or computing platform.
[0032] Transmitter 841 may operate wirelessly, for
example, by using radio waves; but in some embodiments,
such as those where device 840 is or is included within an
endoscope, transmitter 841 may transmit data via, for
example, wire, optical fiber and/or other suitable methods.
[0033] Device 840 typically may be or may include an
autonomous swallowable capsule, but device 840 may have
other shapes and need not be swallowable or autonomous.
Embodiments of device 840 are typically autonomous, and
are typically self-contained. For example, device 840 may be
a capsule or other unit where all the components are substan-
tially contained within a container or shell, and where device
840 does not require any wires or cables to, for example,
receive power or transmit information.

[0034] In some embodiments, device 840 may communi-
cate with an external receiving and display system (e.g.,



US 2009/0202117 Al

through receiver 812) to provide display of data, control, or
other functions. For example, power may be provided to
device 840 using an internal battery, an internal power source,
or a wireless system to receive power. Other embodiments
may have other configurations and capabilities. For example,
components may be distributed over multiple sites or units,
and control information may be received from an external
source.

[0035] In one embodiment, device 840 may include an
in-vivo video camera, for example, imager 846, which may
capture and transmit images of, for example, the GI tract
while device 840 passes through the GI lumen. Other lumens
and/or body cavities may be imaged and/or sensed by device
840. In some embodiments, imager 846 may include, for
example, a Charge Coupled Device (CCD) camera or imager,
a Complementary Metal Oxide Semiconductor (CMOS)
camera or imager, a digital camera, a stills camera, a video
camera, or other suitable imagers, cameras, or image acqui-
sition components.

[0036] In one embodiment, imager 846 in device 840 may
be operationally connected to transmitter 841. Transmitter
841 may transmit images to, for example, image receiver 812,
which may send the data to data processor 814 and/or to
storage unit 819. Transmitter 841 may also include control
capability, although control capability may be included in a
separate component. Transmitter 841 may include any suit-
able transmitter able to transmit image data, other sensed
data, and/or other data (e.g., control data) to a receiving
device. For example, transmitter 841 may include an ultra low
power Radio Frequency (RF) high bandwidth transmitter,
possibly provided in Chip Scale Package (CSP). Transmitter
841 may transmit via antenna 848. Transmitter 841 and/or
another unit in device 840, e.g., a controller or processor 847,
may include control capability, for example, one or more
control modules, processing module, circuitry and/or func-
tionality for controlling device 840, for controlling the opera-
tional mode or settings of device 840, and/or for performing
control operations or processing operations within device
840.

[0037] Power source 845 may include one or more batteries
or power cells. For example, power source 845 may include
silver oxide batteries, lithium batteries, other suitable elec-
trochemical cells having a high energy density, or the like.
Other suitable power sources may be used. For example,
power source 845 may receive power or energy from an
external power source (e.g., a power transmitter), which may
be used to transmit power or energy to device 840.

[0038] In some embodiments, power source 845 may be
internal to device 840, and/or may not require coupling to an
external power source, e.g., to receive power. Power source
845 may provide power to one or more components of device
840, for example, continuously, substantially continuously,
orina non-discrete manner or timing, or in a periodic manner,
an intermittent manner, or an otherwise non-continuous man-
ner. In some embodiments, power source 845 may provide
power to one or more components of device 840, for example,
not necessarily upon-demand, or not necessarily upon a trig-
gering event or an external activation or external excitement.
[0039] Optionally, in one embodiment, transmitter 841
may include a processing unit or processor or controller, for
example, to process signals and/or data generated by imager
846. In another embodiment, the processing unit may be
implemented using a separate component within device 840,
e.g., controller or processor 847, or may be implemented as an

Aug. 13,2009

integral part of imager 846, transmitter 841, or another com-
ponent, or may not be needed. The optional processing unit
may include, for example, a Central Processing Unit (CPU),
a Digital Signal Processor (DSP), a microprocessor, a con-
troller, a chip, a microchip, a controller, circuitry, an Inte-
grated Circuit (IC), an Application-Specific Integrated Cir-
cuit (ASIC), or any other suitable multi-purpose or specific
processor, controller, circuitry or circuit. In one embodiment,
for example, the processing unit or controller may be embed-
ded in or integrated with transmitter 841, and may be imple-
mented, for example, using an ASIC.

[0040] Insome embodiments, imager 846 may acquire in-
vivo images, for example, continuously, substantially con-
tinuously, or in a non-discrete manner, for example, not nec-
essarily upon-demand, or not necessarily upon a triggering
event or an external activation or external excitement; or in a
periodic manner, all intermittent manner, or an otherwise
non-continuous manner.

[0041] Insomeembodiments, transmitter 841 may transmit
image data continuously, or substantially continuously, for
example, not necessarily upon-demand, or not necessarily
upon a triggering event or an external activation or external
excitement; or in a periodic manner, an intermittent manner,
or an otherwise non-continuous manner.

[0042] Insome embodiments, device 840 may include one
or more illumination sources 842, for example one or more
Light Emitting Diodes (LEDs), “white LEDs”, Organic
LEDs (OLEDs), or other suitable light sources. [llumination
sources 842 may, for example, illuminate a body lumen or
cavity being imaged and/or sensed. An optional optical sys-
tem 850, including, for example, one or more optical ele-
ments, such as one or more lenses or composite lens assem-
blies, one or more suitable optical filters, or any other suitable
optical elements, may optionally be included in device 840
and may aid in focusing reflected light onto imager 846 and/or
performing other light processing operations.

[0043] Data processor 814 may analyze the data received
via receiver 812 from device 840, and may be in communi-
cation with storage unit 819, e.g., transferring frame data to
and from storage unit 819. Data processor 814 may also
provide the analyzed data to monitor 818, where a user (e.g.,
a physician) may view or otherwise use the data, including,
for example, image data, sensing data, location data, motility
data, or other information. In one embodiment, data processor
814 may be configured for real time processing and/or for
post processing to be performed and/or viewed at a later time.
In the case that control capability (e.g., delay, timing, etc) is
external to device 840, a suitable external device (such as, for
example, data processor 814 or image receiver 812) may
transmit one or more control signals to device 840. Monitor
818 may include, for example, one or more screens, monitors,
or suitable display units. Monitor 818, for example, may
display one or more images or a stream of images captured
and/or transmitted by device 840, e.g., images of the GI tract
or of other imaged body lumen or cavity. Additionally or
alternatively, monitor 818 may display, for example, control
data, location or position data (e.g., data describing or indi-
cating the location or the relative location of device 840),
orientation data, motility information, and/or other suitable
data. In one embodiment, for example, both an image and its
position or location may be presented using monitor 818
and/or may be stored using storage unit 819. Other systems
and methods of storing and/or displaying collected image
data and/or other data may be used.
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[0044] In some embodiments, in addition to or instead of
revealing pathological or other conditions of the GI tract or
other body lumens, the system may provide information
about the location of these conditions. Suitable tracking
devices and methods are described herein, as well as in
embodiments of the above-mentioned U.S. Pat. No. 5,604,
531 and/or U.S. patent application Ser. No. 10/150,018, titled
“Array System and Method for Locating an In-Vivo Signal
Source”, filed on May 20, 2002, published on Nov. 21, 2002
as United States Patent Application Publication Number
2002/0173718, both of which assigned to the common
assignee of the present invention and fully incorporated
herein by reference. Other suitable location identification
systems and methods may be used in accordance with
embodiments of the present invention.

[0045] Typically, device 840 may transmit image informa-
tion in discrete portions. Each portion may typically corre-
spond to an image or a frame; other suitable transmission
methods may be used. For example, in some embodiments,
device 840 may capture and/or acquire an image once every
half second, and may transmit the image data to receiver 812.
Other constant and/or variable capture rates and/or transmis-
sion rates may be used.

[0046] Typically, the image data recorded and transmitted
may include digital color image data; in alternate embodi-
ments, other image formats (e.g., black and white image data)
may be used. In some embodiments, each frame of image data
may include 256 rows, each row may include 256 pixels, and
each pixel may include data for color and brightness accord-
ing to known methods. According to other embodiments, a
320 by 320 pixel imager may be used; other imagers having
other suitable pixel sizes may be used. Pixel size may be, for
example, between 5 to 6 microns; other suitable sizes may be
used. According to some embodiments, pixels may be each
fitted with a micro lens. For example, a Bayer color filter may
be applied. Other suitable data formats may be used, and other
suitable numbers or types of rows, columns, arrays, pixels,
sub-pixels, boxes, super-pixels and/or colors may be used.
[0047] Optionally, device 840 may include one or more
sensors 843, instead of or in addition to a sensor such as
imager 846. Sensor 843 may, for example, sense, detect,
determine and/or measure one or more values of properties or
characteristics of the surrounding of device 840. For example,
sensor 843 may include a pH sensor, a temperature sensor, an
electrical conductivity sensor, a pressure sensor, or any other
known suitable in-vivo sensor.

[0048] In some embodiments, device 840 may be capable
of'one way or two-way communication. For example, device
840 may be able to transmit data (e.g., sensed data, image
data, localization data, or the like) using transmitter 841 to
external receiver/recorder 812. Optionally, device 840 may
be able to receive data (e.g., control data, instructions, com-
mands, parameter values, modification of setting or param-
eters, activation instructions, deactivation instructions, or the
like) from an external transmitter or transceiver. For example,
in one embodiment, device 840 may optionally include a
receiver able to receive signals (e.g., transmitter 841 may
optionally be implemented as a transceiver or transmitter-
receiver); and receiver/recorder 812 may optionally be imple-
mented as a transceiver or transmitter-receiver able to trans-
mit signals to device 840. Other suitable one-way or two-way
communication mechanisms may be used.

[0049] Inaccordance with some embodiments of the inven-
tion, localization data may be determined using, for example,
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data collected by or transmitted by an in-vivo device (e.g.,
device 840 or another signal source) separate from location
data itself. For example, localization data may be inherent in
a signal sent by the in-vivo device 840, or may be in a beacon
sent by the in-vivo device 840, while other and additional data
such as sensing data (e.g., image data, pH data, etc.) may be
sent separately from localization data. In one embodiment,
sensing data may be considered non-localization data col-
lected by the in-vivo device 840. In some embodiments, local-
ization data may be inherent in a data signal which primarily
contains sensed data.

[0050] In some embodiments, image data and other col-
lected data may be stored for short-term or long term periods,
transferred to other locations or devices, processed and/or
analyzed. A health professional may use the images to diag-
nose pathological conditions of the GI tract or other body
parts, and, the system may provide information about the
location of these pathologies. In one embodiment, the data
processor storage unit 819 may first collect data and then may
transfer the data to the data processor 814, such that the image
data is not viewed in real time. In an alternate embodiment,
other configurations may allow real time viewing, and motil-
ity data and/or contractile activity data may be calculated and
displayed substantially in real time.

[0051] The monitor 818 may present image data, prefer-
ably in the form of still and/or moving pictures, and in addi-
tion may present other information. For example, in one
embodiment, the monitor may present the absolute time
elapsed for the current image being shown, relative or abso-
lute information about contractile activity over the course of
device 840 through the GI tract, contractile activity data or
indicators, and/or the time corresponding to the current image
or other data being displayed. Absolute time elapsed for the
current image being shown may be, for example, the amount
of time that elapsed between the moment the device 840 was
first activated and the image receiver 812 started receiving
transmissions from the device 840, and the moment that the
current image being displayed was captured. Various meth-
ods may be used to display contractile activity information,
e.g.,as discussed herein. In some embodiments, various types
of information may be displayed in windows or other screen
portions, and/or multiple monitors may be used to display
image data, motility data, contractile activity data, localiza-
tion data, and/or other data.

[0052] While in some embodiments, information gather-
ing, storage and processing may be performed by certain
units, the system and method of the present invention may be
practiced with alternate configurations. For example, compo-
nents allowing contractile activity measurement and/or
analysis may be located inside device 840 (e.g., a swallow-
able capsule) or, alternatively, on a portable device (e.g.,
receiver 812) which may be worn on the patient. Furthermore,
the components gathering image information need not be
contained in a capsule, but may be contained in any other
vehicle suitable for traversing a lumen in a human body, such
as an endoscope, a stent, a catheter, a needle, or other suitable
devices.

[0053] Insomeembodiments, multiple in-vivo images may
be analyzed in order to produce information about contractile
activity, e.g., contractile activity of the GI tract. The informa-
tion produced may include, for example, an indication of
contractile activity, an indication of absence of contractile
activity, an indication of a contraction, an indication of mul-
tiple contractions, an indication of an absence of contraction,
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information about the time and/or location of contraction(s),
information about frequency and/or number of contractions,
information about strength (e.g., relative strength or absolute
strength) and/or duration (e.g., time length) of contraction(s),
an indication that contractile activity is normal or abnormal,
or other suitable information.

[0054] Insomeembodiments, analysis of one or more prop-
erties of a set of multiple in-vivo images (e.g., of a setor a
sequence of in-vivo images) may be used in order to deter-
mine information about contractile activity. For example, an
analysis of multiple, e.g., consecutive, in-vivo images may be
used to detect and/or measure a contraction or multiple con-
tractions.

[0055] Insomeembodiments, the detection ofa contraction
may be performed based on a property, or multiple properties,
which may be measured across multiple images. For
example, the value of a measured property may be different
across multiple images, such that a contraction may be indi-
cated. In some embodiments, for example, a contraction (or
an absence thereof) may be determined based on comparison
of a value of a property across multiple (e.g., consecutive)
images.

[0056] In some embodiments, for example, an intensity
level of an image (or an image portion) may be measured or
calculated, and modification of the intensity level across mul-
tiple images may be used to determine a contraction associ-
ated with one or more of the images. For example, a series of
K in-vivo images may be analyzed, for example, a set of 9
consecutive in-vivo images.

[0057] In some embodiments, for example, in absence of
contractions, the in-vivo imaging device 840 may travel
through the body lumen and may acquire in-vivo images. For
example, in absence of contractions, or during a relatively low
contractile activity, an outer portion (e.g., a ring-shaped por-
tion) of the acquired in-vivo images may be relatively bright,
e.g., dueto reflection of light from body lumen walls; whereas
an inner portion (e.g., a substantially central portion) of the
in-vivo images may be relatively dark, e.g., since the in-vivo
images may include a portion corresponding to the body
lumen through which the device 840 travels. In contrast, a
contraction may cause the body lumen to contract, such that
the lumen walls may “close” and/or narrow on the in-vivo
device 840. As a result, in-vivo images acquired during a
contraction may be relatively bright, or may include a rela-
tively larger bright portion. Additionally or alternatively, in-
vivo images acquired during a contraction may not include a
dark portion, or may include only a relatively small dark
portion. In some embodiments, for example, a contraction
may include a cycle of rapid closing and/or rapid opening of
a body lumen (e.g., the GI tract or a portion thereof), thereby
causing a variation (e.g., a sharp variation) in one or more
properties of in-vivo images acquired by the in-vivo device
840 (e.g., brightness level, darkness level, image intensity,
grey-level intensity, or the like). For example, in some
embodiments, the brightness level or the global intensity of
in-vivo images acquired during a contraction may be rela-
tively higher than the brightness level or the global intensity
of'in-vivo images acquired at times and/or locations in which
a contraction does not take place. In some embodiments, for
example, when the body lumen is “closed” or contracts, the
light illuminated by in-vivo device 840 may be reflected by
the intestinal walls; whereas when the body lumen is “open”
or does not contract, the light illuminated by in-vivo device
840 may be dissipated along the intestinal tube. Therefore,
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measurement and/or analysis of a parameter corresponding to
global image illumination (e.g., brightness, darkness, image
intensity, or the like) may be used as indicator of the presence
or the absence of contraction(s) and/or contractile activity.
[0058] Reference is made to FIG. 2, which schematically
illustrates two demonstrative in-vivo images 210 and 220 in
accordance with some embodiments of the invention. In-vivo
image 210 may demonstrate an in-vivo image acquired (e.g.,
by device 840 of FIG. 1) in absence of contractions, or when
contractile activity is relatively low. A relatively dark portion
216 may correspond to the body lumen through which the
in-vivo device 840 travels; whereas a relatively brighter por-
tion 215 may correspond to the walls of the body lumen, e.g.,
since the walls of the body lumen may reflect light illumi-
nated by device 840.

[0059] In contrast, in-vivo image 220 may demonstrate an
in-vivo image acquired (e.g., by device 840 of FIG. 1) during
a contraction, or when contractile activity is relatively high. A
relatively dark portion 226 may correspond to the body lumen
through which the in-vivo device 840 travels; whereas a rela-
tively brighter portion 225 may correspond to the walls of the
body lumen, e.g., since the walls of the body lumen may
reflect light illuminated by device 840.

[0060] As shown in FIG. 2, the bright portion 225 of image
220 (acquired during a contraction) may be larger than the
bright portion 215 of image 210 (acquired in absence of
contractions). Additionally or alternatively, the dark portion
226 of image 220 (acquired during a contraction) may be
smaller than the dark portion 216 of image 210 (acquired in
absence of contractions). In some embodiments, optionally,
image 220 (acquired during a contraction) may not include
dark portion 226 at all, or may include a dark portion 226
which may be significantly small.

[0061] In some embodiments, a global brightness level of
image 220 may be greater than a global brightness level of
image 210. In some embodiments, a global intensity param-
eter corresponding to image 220 may indicate that image 220
is brighter, or significantly brighter, relative to image 210.
[0062] Reference is made to FIG. 3, which schematically
illustrates a set 300 of demonstrative in-vivo images in accor-
dance with some embodiments of the invention. For example,
in some embodiments, set 300 may include nine in-vivo
images 301-309; other suitable number of in-vivo images
may be used to determine contractions and/or contractile
activity information. In FIG. 3, the dark (or relatively darker)
portions of images 301-309 are indicated with numeral 326,
whereas the bright (or relatively brighter) portions of images
301-309 are indicated with numeral 325.

[0063] As shown in FIG. 3, the dark portion 326 may have
arelatively large size in image 301; for example, dark portion
326 may occupy approximately forty percent of the area of
image 301. The size of dark portion 326 may gradually
decrease across images 301 to 305, and may be smallest in
image 305. Optionally, in some embodiments, dark portion
326 of image 305 may be significantly small, e.g., approxi-
mately one percent of the area of image 305, or may not be
included atall inimage 305. Then, the size of dark portion 326
may gradually increase across imaged 305 to 309, and may be
of a relatively large size in image 309.

[0064] The set 300 of in-vivo images 301-309 may corre-
spond to an in-vivo contraction, or to a cycle of contractile
activity. For example, image 305 may include the largest
bright portion 325, and/or the smallest dark portion 326,
and/or may be associated with the highest value of global
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image brightness or global image intensity. Image 305 may
thus correspond to a peak of a contraction or to a peak of
contractile activity. In one embodiment, image 301 and/or
image 309 may correspond to a time and/or a location of
absence of contractile activity; in another embodiment, image
301 may correspond to a time and/or a location of'a beginning
of'a contraction, whereas image 309 may correspond to a time
and/or a location of an ending of a contraction.

[0065] In some embodiments, for example, a series of K
in-vivo images may be identified, such that a first portion of
the K images may be relatively darker (e.g., may have a
relatively smaller value of brightness or global intensity); a
second portion of the K images may be relatively brighter
(e.g., may have a relatively higher value of brightness or
global intensity); and a third portion of the K images may be
relatively darker (e.g., may have a relatively higher value of
brightness or global intensity). In some embodiments, for
example, a first group ofin-vivo images and a second group of
in-vivo images may be darker (e.g., may have a lower value of
global intensity or brightness); whereas a third group of in-
vivo images, which may be acquired after the first group and
before the second group, may be brighter (e.g., may have a
higher value of global intensity or brightness), thereby indi-
cating a contraction or a peak of a contraction corresponding
to the in-vivo images of the third (e.g., middle) group. Other
suitable patterns may be identified and/or used in accordance
with embodiments of the invention.

[0066] Reference is made to FIG. 4, which schematically
illustrates a graph 400 of in-vivo image intensity in accor-
dance with some embodiments of the invention. A vertical
axis 451 may indicate, for example, an intensity level (e.g., a
global intensity level), or a brightness level of an in-vivo
image or of a portion of an in-vivo image. Vertical axis 451
may indicate or correspond to other parameters, for example,
relative or absolute brightness, relative or absolute darkness,
relative or absolute image intensity, relative or absolute grey-
level or grey-scale intensity, hue, saturation, color, color
attributes, channels, color channels, color components (e.g.,
red component, green component, blue component, etc.),
contrast, or the like. A horizontal axis 452 may indicate, for
example, a sequential or a consecutive number of in-vivo
images, a set or series of consecutive or non-consecutive
in-vivo images. Horizontal axis 451 may indicate or corre-
spond to other parameters, for example, time that elapses
while the in-vivo device travels in-vivo, in-vivo location of
the in-vivo device, or the like.

[0067] A set of points 401-409 in graph 400 may corre-
spond, for example, to the set of images 301-309 of FIG. 3,
respectively. For example, point 401 may correspond to in-
vivo image 301, point 402 may correspond to in-vivo image
302, etc. A line 450 may connect some or all of the points
401-409.

[0068] In some embodiments, points 401-409 and/or line
450 may indicate the presence of a contraction or other con-
tractile activity corresponding to some or all of in-vivo
images 301-309. For example, in some embodiments, line
450 may correspond to a contraction, point 405 may corre-
spond to a peak of a contraction, point 401 or point 402 may
correspond to a beginning of a contraction, point 408 or point
409 may correspond to an ending of a contraction, or the like.
[0069] In some embodiments, the pattern, shape, angle(s),
slant, curvature, outline and/or other properties of line 450
(and/or of one or more of points 401-409) may be determined
or analyzed. The analysis may be performed, for example,

Aug. 13,2009

ex-vivo by data processor 814 of workstation 899 of FIG. 1,
and/or in-vivo by processor 847 of FIG. 1. Based on the
analysis, workstation 899 and/or monitor 818 may display or
otherwise present (e.g., using an audible or a visual indica-
tion) information related to contraction(s) and/or contractile
activity. For example, in some embodiments, in-vivo images
corresponding to a contraction, to a peak of a contraction, to
a beginning of a contraction, to an ending of a contraction, or
the like, may be tagged, marked, highlighted or otherwise
indicated.

[0070] Although some portions of the discussion herein
may relate, for demonstrative purposes, to analysis of con-
traction(s) and/or contractile activity based on (or corre-
sponding to) nine in-vivo images, other suitable numbers of
in-vivo images may be used, and some or all of the analyzed
in-vivo imaged need not be consecutive. In some embodi-
ments, for example, a contraction may be determined to cor-
respond to a series of nine consecutive in-vivo images, e.g.,
acquired at a frame capture rate of approximately two in-vivo
images per second. In some embodiments, for example, a
contraction may be determined to correspond to a series of
consecutive in-vivo images acquired in-vivo within a time
period of approximately four seconds or five seconds. Other
suitable numbers, time periods or frame capture rates may be
used.

[0071] Insomeembodiments, for example, properties other
than global brightness, darkness or image intensity may be
used to determine contraction(s) and/or contractile activity.
For example, in some embodiments, the size or the area of a
dark portion (or a bright portion) of in-vivo images may be
analyzed; the height and/or width of a dark portion (or a bright
portion) of in-vivo images may be analyzed; the position or
location (e.g., within the in-vivo image) of a dark portion (or
a bright portion) of in-vivo images may be analyzed; or other
suitable properties may be analyzed.

[0072] Insome embodiments, the intensity variation across
a series of in-vivo images may be measured in relation to a
locally normalized mean intensity level. For example, in
some embodiments, the following equation may be used:

In=I-Iaverage Equation 1

wherein [ represents a mean grey-level intensity of an in-vivo
image; In represents a locally normalized mean intensity
level; and laverage represents an average intensity calculated
for a series of in-vivo images, e.g., for a set of nine consecu-
tive in-vivo images. For example, laverage may be calculated
by adding together the intensity value of K in-vivo images,
and dividing the result by K. Other suitable equations or
calculations may be used.

[0073] In some embodiments, for example, a series of in-
vivo images may be analyzed in order to identify in-vivo
images which may correspond to a contraction or to certain
contractile activity. For example, in some embodiments, hun-
dreds or thousands of in-vivo images may be analyzed, e.g.,
by calculating a value of In for some or all of the in-vivo
images in the series. Subsets of sequential or consecutive
in-vivo images having a positive In value may be extracted
from the series of analyzed images. The in-vivo image corre-
sponding to the highest value of In in a subset of in-vivo
images may be identified as a central image for a contraction
possibly corresponding to that subset of in-vivo images.
[0074] Insome embodiments, for example, the normalized
intensity In may be calculated for an in-vivo image, e.g., for
substantially each in-vivo image. The calculation may be
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performed, for example, based on the sum of intensity values
of the pixels (or other image portions) of the in-vivo image,
and by taking into account image intensity value(s) of one or
more (e.g., four) prior images and image intensity value(s) of
one or more (e.g., four) subsequent images.

[0075] Insomeembodiments, for example, the normalized
intensity In of the n-th in-vivo image may be calculated as
follows: the image intensity value of the n-th in-vivo image,
may be added together with the image intensities of the four
in-vivo images that precede the n-th in-vivo image and with
the image intensities of the four in-vivo images that follow the
n-th in-vivo image, and the sum may be divided by nine. The
result may represent the normalized intensity if the n-th in-
vivo image, calculated based on a set of nine in-vivo images
in which the n-th image is the central image.

[0076] In some embodiments, a relatively brighter in-vivo
image (e.g., due to a contraction) may correspond to a positive
value of image intensity In; whereas a relatively darker in-
vivo image (e.g., due to absence of contractions) may corre-
spond to a negative value of image intensity In. In some
embodiments, for example, an in-vivo image having an image
intensity value higher than the image intensity values of its
neighboring images (e.g., one or more previous images and
one or more following images), may indicate that the in-vivo
image corresponds to an intestinal contraction or to a peak of
intestinal contraction.

[0077] Insome embodiments, the normalized image inten-
sity parameter In may have a relatively high value when the
analyzed in-vivo image corresponds to an intestinal contrac-
tion; whereas the normalized image intensity parameter In
may have a relatively low value, or a pseudo-random value, at
a non-contraction time and/or non-contraction locations.

[0078] Insomeembodiments, a filter or a pre-filter mecha-
nism may be used (e.g., by data processor 814 of workstation
899) in order to filter-in or otherwise select in-vivo images
having a positive value of normalized image intensity, or to
filter-out or otherwise deselect in-vivo images having a nega-
tive value (or a zero value) of normalized image intensity. In
some embodiments, in-vivo images having a normalized
image intensity which is greater than a threshold value may be
filtered-in or selected; whereas in-vivo images having a nor-
malized image intensity which is lower than (or equal to) a
threshold value may be, filtered-out or deselected. In one
embodiment, for example, a discriminant function may be
associated with an in-vivo image such that, for example, the
discriminant function may have a first value (e.g., “1”) if the
normalized image intensity is greater than the threshold
value; whereas the discriminant function may have a second
value (e.g., “~17) if the normalized image intensity is smaller
than or equal to the threshold value. The threshold value may
be implemented, for example, using a constant or modifiable
parameter (e.g., a tuning parameter), or may be pre-set or
dynamically set to certain values in accordance with specific
implementations.

[0079] Insome embodiments, for example, in-vivo images
associated with the second value of discriminant function
may be rejected, deselected, filtered-out or discarded;
whereas in-vivo images associated with the first value of
discriminant function may be selected, marked, tagged, kept
or filtered-in. In some embodiments, the selected or filtered-
in images may be used to generate output indicating contrac-
tile activity information, or may be used as input to other
stages or phases of analysis or filtering to further generate
contractile activity information.
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[0080] Referenceis made to FIG. 5, which is a flow-chart of
a method of measurement and analysis of contractile activity
in accordance with some embodiments of the invention. The
method may be used, for example, in conjunction with the
system of FIG. 1, with in-vivo imaging device 840 of F1G. 1,
and/or with other suitable devices and systems.

[0081] In some embodiments, as indicated at box 510, the
method may optionally include, for example, acquiring a set
of in-vivo images. For example, a set of nine consecutive
in-vivo images may be acquired, e.g., at a frame capture rate
of approximately two images per second, by in-vivo imaging
device 840 of FIG. 1.

[0082] In some embodiments, as indicated at box 520, the
method may optionally include, for example, calculating an
image intensity value for each of the nine in-vivo images.
[0083] In some embodiments, as indicated at box 530, the
method may optionally include, for example, calculating an
average image intensity value corresponding to the nine in-
vivo images. For example, the nine image intensity values
calculated in the operation of box 520, may be added together,
and the sum may be divided by nine.

[0084] In some embodiments, as indicated at box 540, the
method may optionally include, for example, calculating a
normalized image intensity value corresponding to each of
the nine in-vivo images. For example, the normalized image
intensity value of a certain in-vivo image may be calculated
by subtracting the average image intensity value (calculated
at box 530) from the image intensity value of that image
(calculated at box 520).

[0085] In some embodiments, as indicated at box 545, the
method may optionally include, for example, analyzing
change(s), variation(s) and/or or modification(s) of in-vivo
image intensity values, e.g., of normalized image intensity
values corresponding to multiple in-vivo images and/or to
in-vivo images acquired within a pre-defined time period. The
analysis may be performed, for example, in relation to a set of
in-vivo images, in relation to multiple (e.g., consecutive or
non-consecutive) in-vivo images, over a pre-defined time
period in which in-vivo images may be acquired, or the like.
In one embodiment, for example, the analysis may be per-
formed in relation to nine consecutive in-vivo images (or
other numbers of consecutive or non-consecutive in-vivo
images), in relation to multiple in-vivo images acquired
within approximately four or five seconds (or other time
periods), or the like.

[0086] In some embodiments, as indicated at box 550, the
method may optionally include, for example, determining
contractile activity information (e.g., a contraction, or an
absence thereof) corresponding to one or more in-vivo
images based on the calculated normalized image intensity
values. In one embodiment, for example, an in-vivo image
having a relatively high value, or substantially the highest
value, of normalized image intensity, may be determined to
correspond with a contraction or with a peak of a contraction.
In another embodiment, for example, a non-random pattern
may be identified for one or more normalized image intensity
values, e.g., a gradual increase followed by a gradual
increase, thereby indicating a contraction or a peak of a con-
traction. Other determinations may be performed, and the
determination result may be indicated or otherwise presented
or displayed.

[0087] Other operations or sets of operations may be used
in accordance with embodiments of the invention. In some
embodiments, operations may be performed, for example, in
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real-time, substantially in real-time, while the in-vivo device
is in-vivo, while the in-vivo device acquires images and/or
transmits data, ex-vivo, or the like.

[0088] In some embodiments, for example, contraction(s)
and/or contractile activity information may be detected,
determined and/or measured based on an analysis of multiple
(consecutive or non-consecutive) in-vivo images, based on an
analysis of an image stream, based on an analysis of an image
stream over a pre-defined time period, or the like. In some
embodiments, for example, detection, determination and/or
measurement of contraction(s) and/or contractile activity
may be based on an analysis that takes into account multiple
in-vivo images.

[0089] In some embodiments, detection, determination
and/or measurement of contraction(s) and/or contractile
activity may be implemented using a contractile activity
detector and/or a contractions detector. The contractile activ-
ity detector and/or the contractions detector may be imple-
mented, for example, as a stand-alone unit or module, as part
of data processor 814, as part of workstation 899, as part of
receiver/recorder 812, as part of processor 847, as a separate
or integrated unit or device, or the like. In one embodiment,
the contractions detector may be a sub-unit or a module of the
contractile activity detector, or vice versa. For example, the
sub-system described herein with reference to FIG. 6 may be
a demonstrative example of an implementation of a method in
accordance with some embodiments of the invention, may be
a demonstrative example of a module or a unit of a contrac-
tions detector, may be a demonstrative example of a module
or a unit of a contractile activity detector, or the like.

[0090] Reference is made to FIG. 6, which schematically
illustrates a sub-system 600 for intestinal contractile activity
assessment in accordance with some embodiments of the
invention. Sub-system 600 may be implemented, for
example, as part of data processor 814, as part of workstation
899, as part of receiver/recorder 812, as part of processor 847,
as a separate or integrated unit or device, or the like.

[0091] Sub-system 600 may include, for example, a filter
611, a turbid detector 612, a wall detector 613, a tunnel
detector 614, and a classifier 615. In some embodiments,
sub-system 600 may include multiple stages or phases of
contractile activity analysis. For example, filter 611 may be
included in a first stage of contractile activity analysis; turbid
detector 612, wall detector 613 and tunnel detector 614 may
be included in a second stage of contractile activity analysis;
and classifier 615 may be included in a third stage of contrac-
tile activity analysis. In some embodiments, for example, the
output of the first stage may be used as input by the second
stage, and the output of the second stage may be used as input
by the third stage. Other number of stages may be used, and
components may be distributed in various other ways among
stages.

[0092] Sub-system 600 may receive an input 630, for
example, multiple in-vivo images, e.g., a series of images
acquired by in-vivo imaging device 840 of FIG. 1, a video
sequence including multiple frames, or the like. In some
embodiments, filter 611 may perform an analysis of the
incoming in-vivo images based on brightness, darkness, and/
or image intensity. In-vivo images which may correspond to
contractions and/or to contractile activity of interest (which
may be referred herein as “positives”) may be passed by filter
611 to turbid detector 612; whereas in-vivo images which
may not correspond to contractions and/or to contractile
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activity of interest (which may be referred herein as “nega-
tives”) may be passed by filter 611 to an output 650 of “nega-
tives”.

[0093] In some embodiments, turbid detector 612, wall
detector 613 and tunnel detector 614 may filter-out (e.g., to
output 650) in-vivo images which are determined to be
“invalid”, e.g., due to occlusion(s), or due to an inappropriate
or non-optimal orientation of the in-vivo imaging device. The
classifier 615 may perform a classification analysis, for
example, using a Support Vector Machine (SVM) classifica-
tion algorithm. The classifier 615 may perform a classifica-
tion analysis, for example, using a Relevance Vector Machine
(RVM) classification algorithm or a Laplacean RVM classi-
fication algorithm, which is a variation of the RVM using
independent double-exponential (Laplace) parameters distri-
butions. The accuracy of the results of the classifier 615 may
be improved by performing feature selection and determining
the most suitable subset of variables to consider during the
classification process, for example by using methods known
in the art such as the Boosted Lasso algorithm. The “positive”
images may be transferred as output from classifier 615, for
example, as output 640 of sub-system 600.

[0094] Insomeembodiments, output 640 may include sub-
stantially only in-vivo images that correspond to contrac-
tions. In other embodiments, output 640 may include substan-
tially only in-vivo images that correspond to certain (e.g.,
pre-defined) contractile activity of interest. In yet other
embodiments, output 640 may include in-vivo images that
correspond to times and/or locations that are characterized by
absence of contractions, e.g., in-vivo images that are deter-
mined to correspond to non-contractions. In still other
embodiments, output 640 may include multiple streams of
output, for example, a first stream including in-vivo images
that correspond to contractions, and a second stream includ-
ing in-vivo images that correspond to non-contractions. Other
suitable outputs may be used.

[0095] In some embodiments, various operations may be
performed in relation to the output 640. For example, the
output 640 or portions thereof may be displayed or presented
(e.g., using monitor 818 and/or workstation 899), may be
stored (e.g., using storage unit 819), may be further processed
or analyzed (e.g., using processor 847 and/or data processor
814), or the like.

[0096] In some embodiments, optionally, filter 611 may
further receive as an input 621 one or more values denoted P1,
which may be used by filter 611 as parameters or settings
which may control, tune or modify the operation of filter 611,
or may be used as parameters or threshold values in algo-
rithms used by filter 611.

[0097] In some embodiments, optionally, turbid detector
612 may further receive as an input 622 one or more values
denoted P2, which may be used by turbid detector 612 as
parameters or settings which may control, tune or modify the
operation of turbid detector 612, or may be used as param-
eters or threshold values in algorithms used by turbid detector
612.

[0098] Insome embodiments, optionally, wall detector 613
may further receive as an input 623 one or more values
denoted P3, which may be used by wall detector 613 as
parameters or settings which may control, tune or modify the
operation of wall detector 613, or may be used as parameters
or threshold values in algorithms used by wall detector 613.
[0099] In some embodiments, optionally, tunnel detector
614 may further receive as an input 624 one or more values



US 2009/0202117 Al

denoted P4, which may be used by tunnel detector 614 as
parameters or settings which may control, tune or modify the
operation of tunnel detector 614, or may be used as param-
eters or threshold values in algorithms used by tunnel detector
614.

[0100] In some embodiments, optionally, classifier 615
may further receive as an input 625 one or more values
denoted P5, which may be used by classifier 615 as param-
eters or settings which may control, tune or modify the opera-
tion of classifier 615, or may be used as parameters or thresh-
old values in algorithms used by classifier 615.

[0101] Referenceis made to FIG. 7, which is a flow-chart of
a method of determining intestinal dysfunction condition in
accordance with some embodiments of the invention. The
method may be used, for example, in conjunction with the
system of FIG. 1, with in-vivo imaging device 840 of F1G. 1,
and/or with other suitable devices and systems. The method
may be used, for example, to automatically diagnose intesti-
nal dysfunctions.

[0102] In some embodiments, as indicated at box 710, the
method may optionally include, for example, receiving a
stream of image frames from an in vivo device. For example,
a video stream of consecutive in-vivo image frames may be
received, e.g., at a frame capture rate of approximately two
images per second, by in-vivo imaging device 840 of FIG. 1.
The stream may include thousands of image frames.

[0103] In some embodiments, as indicated at box 720, the
method may optionally include, for example, measuring a
property of a frame to determine frame classification. Frame
classification may include classifying each frame into one or
more categories. For example, contractile activity frames
may be a classification category, e.g., including frames that
show occlusive contractions or frames that show non occlu-
sive contractions. In some embodiments, static frames (e.g.,
sequences of frames that show no apparent motion or little
apparent motion of the capsule), turbid frames (e.g., frames
that show intestinal contents), wall frames (e.g., frames that
have passed a wall detector or a classifier and received a
“positive” indication), tunnel frames (e.g., frames that have
passed a tunnel detector or a classifier and received a “posi-
tive” indication), or wrinkle pattern frames (e.g., frames that
show a wrinkle star pattern or frames in which the folded
intestinal wall is distributed in a radial way) may be used as
frame classification categories. Other categories or classifi-
cations may be used. A classifier, such as classifier 615
described in FIG. 6, may be used to classify or categorize each
frame.

[0104] In some embodiments, as indicated at box 730, the
method may optionally include, for example, analyzing the
measured property or properties to determine intestinal dys-
function condition. For example, analysis of the measured
properties may optionally include determining whether the
percentage of contraction frames with wrinkle pattern passes
a predetermined value. In another example, analysis of the
measured properties may optionally include calculating the
mean length of the static frames sequences, and determining
whether the length is longer than a predetermined value. In
yet another example, the number of contractions per minute
may be analyzed to determine if it exceeds a predetermined
value. In some embodiments, analysis of the measured prop-
erties may optionally include sumniing a number of values
corresponding to the analyzed properties and determining
intestinal dysfunction condition based on a weighted average
of these values. Other methods of analysis may be used.
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[0105] Someembodiments may provide diagnosis of intes-
tinal dysfunctions based on analysis of different features in a
stream of' in vivo images. In some cases, the diagnosis may be
based on a predetermined set of properties. Such properties
may include, inter alia, static frames, turbid frames, tunnel
frames, contractions, and wrinkle pattern level presence.
Detection and analysis of other properties may be used in
addition to these or instead. In one embodiment, a vector of 21
features may be used to diagnose subjects in intestinal motil-
ity dysfunctions.

[0106] Static frames may appear when there is no apparent
motion or little apparent motion of the in vivo device. A high
level of static frames may be considered as an indication of
intestinal disease. Related information that may be extracted
from such images may include, but is not limited to: percent-
age of static frames in the image stream, percentage of static
frames in parts of the image stream, such as those parts of the
stream where turbidity is not present, the mean length of the
static sequences and the static level of the stream.

[0107] Turbid frames may be frames of an in vivo stream of
images that include food pieces or intestinal juices, for
example. Related information that may be extracted from
such images and used for diagnosis may include, but is not
limited to: percentage of turbid frames in the image stream,
percentage of turbid frames that are also static frames and
static level in parts of the image stream, such as in the parts
where the turbidity is not present.

[0108] A tunnel is a sequence of frames where the lumen
may appear static for a long period of time. The interpretation
of tunnel may be that there is no contractile movement.
Related information that may be extracted from such images
and used for diagnosis may include, but is not limited to:
percentage of tunnel frames in a stream of images or in parts
ofa stream, for example only in images where turbidity is not
present, the mean length of the tunnel sequence, and the static
level of all tunnel frames.

[0109] Analysis of intestinal contractions may be useful for
diagnosing different intestinal dysfunctions. Intestinal con-
tractions may be occlusive contractions, in which the lumen
in the central frame of these contractions is completely
closed. Intestinal contractions may be non-occlusive contrac-
tions, in which the lumen may not appear closed. Intestinal
contractions may be sustained contractions, in which the
lumen may be continuously closed. Related information that
may be extracted from such images and used for diagnosis
may include, but is not limited to: the number of contractions
per minute in the image stream or in parts of the image stream,
such as parts of the stream that the turbid is not present, and
the percentage of contractions that are non-occlusive.

[0110] Analysis of wrinkle pattern level presence may be
useful for diagnosing different intestinal dysfunctions.
Wrinkle star pattern may be an omnipresent characteristic of
the sustained contractions. Such pattern may indicate strong
edges of the folded intestinal wall, distributed in a radial way
around the intestinal lumen. Wrinkle detection may be used in
order to identify such patterns, or to determine the level of
wrinkle presence in frames. Related information may be
extracted from images that have been identified as including
a certain level of wrinkle patterns and may be used for diag-
nosis. Such information may include, but is not limited to: the
percentage of frames with wrinkles in an image stream, the
percentage of frames without turbid where the wrinkle star
pattern appears, the mean length of the wrinkle sequences, the
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percentage of frames with a high level of wrinkle presence,
the percentage of contractions with wrinkles.

[0111] Someembodiments may be utilized, for example, to
selectively provide automatic or semi-automatic detection of
in-vivo images (or frames of an in-vivo image stream), cor-
responding to contraction(s) and/or contractile activity. Some
embodiments, for example, may allow a physician to selec-
tively view and/or rapidly access in-vivo images that corre-
spond to contraction(s), and/or correspond to certain contrac-
tile activity (e.g., for diagnosis purposes, to locate or
determine a dysfunction in contractile activity, or the like).
Some embodiments, for example, may allow shortening of
viewing time required by a physician for diagnosis, and/or
shortening of time required by a physician to access and/or
selectively view in-vivo images that correspond to contrac-
tion(s) and/or to contractile activity. Some embodiments, for
example, may allow a selective display (or other presentation)
of'a portion (e.g., a relatively small portion, or multiple small
portions) of an in-vivo image stream, which corresponds to
contraction(s) and/or to contractile activity. Some embodi-
ments, for example, may allow a physician to determine a
portion-of-interest of an in-vivo image stream which the phy-
sician may examine, e.g., to detect a portion of an in-vivo
image stream which corresponds to contraction(s) and/or
contraction activity, for example, for further inspection by the
physician. Some embodiments, for example, may allow to
“skip” (e.g., by avoiding to display, by fast-forwarding, or the
like) one or more portions of an in-vivo image stream based
on contractile activity information, e.g., portion(s) that cor-
respond to contractions and/or to contractile activity of inter-
est, portion(s) that do not correspond to contractions and/or to
contractile activity of interest, portions that correspond to
existence of contractions and/or contractile activity, portions
that correspond to absence of contractions and/or contractile
activity, or the like. Some embodiments, for example, may
allow a physician to concentrate or “focus™ his examination
of an in-vivo image stream on a portion-of-interest, e.g.,
based on contraction(s) information and/or other contractile
activity information that correspond to the portion-of-inter-
est. Embodiments or the invention may provide various other
benefits and/or advantages.

[0112] Some embodiments of the invention may include,
for example, an in-vivo imaging device having multiple
imagers or image sensors, e.g., two or three imagers. For
example, in one embodiment, the in-vivo device may include
a first imager having a first field of view, and a second imager
having a second field of view. In some embodiments, the
multiple imagers may face different directions, e.g., at an
angle of approximately 45 degrees, at an angle of approxi-
mately 90 degrees, at an angle of approximately 180 degrees,
or the like. In some embodiments, the in-vivo device having
multiple imagers may be used for collection of data which
may be used for generating or analyzing contractile activity
information. For example, multiple imagers of the in-vivo
device may acquire images, which may be used for analysis,
thereby allowing determinations with regard to contractions
or contractile activity. In one embodiment, acquired data may
be accumulated from multiple imagers; in another embodi-
ment, data acquired from each imager may be processed
separately and the results may be compared or further ana-
lyzed; other suitable processes may be used.

[0113] Devices, systems and methods in accordance with
some embodiments of the invention may be used, for
example, in conjunction with a device which may be inserted
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into a human body or swallowed by a person. However,
embodiments of the invention are not limited in this regard,
and may be used, for example, in conjunction with a device
which may be inserted into, or swallowed by, a non-human
body or an animal body.

[0114] While certain features of the invention have been
illustrated and described herein, many modifications, substi-
tutions, changes, and equivalents will now occur to those
skilled in the art. It is, therefore, to be understood that the
appended claims are intended to cover all such modifications
and changes as fall within the true spirit of the invention.

1. A method for analysis of an in-vivo image stream com-
prising:

receiving a stream of image frames from an in-vivo imag-

ing device;

measuring at least a property of a frame

determining frame classification based on the measured

property; and

analyzing the measured property to determine intestinal

dysfunction condition.

2. The method according to claim 1 wherein the measured
property comprises image intensity value.

3. The method according to claim 1 wherein said classifi-
cation is selected from a group consisting of: contractile
activity frames, static frames, turbid frames, wall frames and
tunne] frames.

4. The method according to claim 2 further comprising:

calculating an image intensity value for each of a predeter-

mined number of in-vivo images;

analyzing a variation of the in-vivo image intensity values

corresponding to the predetermined number of in-vivo
images; and

determining contractile activity information correspond-

ing to one or more in-vivo images based on the calcu-
lated image intensity values.

5. The method according to claim 4 wherein the predeter-
mined number of in-vivo images is acquired within a pre-
defined time period.

6. The method according to claim 4 wherein an in-vivo
image having substantially a highest image intensity value is
determined to correspond with a peak of a contraction.

7. The method according to claim 4 further comprising
determining whether a percentage of contraction frames with
a wrinkle pattern passes a predetermined value.

8. The method according to claim 4 further comprising:
calculating a mean length of static frames sequences and
determining whether the length is longer than a predeter-
mined value.

9. The method according to claim 4 further comprising
analyzing the number of contractions per minute to determine
if it exceeds a predetermined value.

10. The method according to claim 4 further comprising
providing indication that contractile activity is normal or
abnormal.

11. The method according to claim 1 wherein the in-vivo
images are a set of consecutive images of the image stream.

12. The method according to claim 11 wherein the first
image of the set corresponds to a cycle of contractile activity.

13. The method according to claim 4 further comprising
calculating a normalized intensity value substantially for
each in-vivo image.

14. The method according to claim 1 wherein the in vivo
imaging device is a swallowable capsule.
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